A B S T R A C T Central nervous system (CNS) involvement occurs in about 1% of all tuberculosis (TB) cases, classically presenting as a meningitis. Intracerebral tuberculomas are a much rarer manifestation. We describe the case of a young black male who presented with new-onset seizure. Cerebral computerized tomography from an outside hospital reportedly showed findings concerning for septic emboli. Brain magnetic resonance imaging at our institution confirmed the presence of multiple, peripherally enhancing lesions in the right frontal and temporal lobes, cerebellum, and pons. Thoracentesis was performed for a concomitant pleural effusion, which contained elevated levels of adenosine deaminase and ultimately grew Mycobacterium tuberculosis. After ruling out other causes, we reached a diagnosis of CNS TB manifesting as cerebral tuberculomas. The patient was initiated on a course of rifampin, isoniazid, pyrazinamide, and ethambutol for two months, followed by rifampin and isoniazid to complete at least twelve months of antimicrobial therapy. We present this case to highlight this unusual manifestation of CNS TB and review the challenges in diagnosis.
Introduction
Tuberculosis (TB) is a chronic granulomatous disease caused by Mycobacterium tuberculosis (MTB). It primarily affects the lungs, but may also involve any extrapulmonary organ and may rarely present with potentially debilitating central nervous system (CNS) manifestations. CNS TB occurs in about 1% of all patients with TB, and typically manifests as meningitis [1] [2] [3] [4] . Intracranial tuberculomas are the least common presentation of CNS TB, and usually affects immunocompromised patients [1, 3] . The radiographic characteristics of tuberculomas often mimic those of other infectious and non-infectious conditions, and the clinical manifestations are diverse and nonspecific. Although the definitive diagnosis of intracerebral tuberculomas technically involves intracranial biopsy and histopathology, this approach is often impractical due to its invasive nature, close proximity of lesions to life-critical structures, and the risk of meningitis from accidental seeding of the subarachnoid space [4, 5] . This very challenge underscores the importance of detecting adjunctive, extracranial evidence of active TB supporting the diagnosis of intracranial tuberculomas [3] [4] [5] [6] [7] [8] .
Case report
A 23 year-old black male with past medical history of chronic cough presented for a witnessed, new-onset seizure. He was initially brought to an outside emergency department where a head CT showed possible septic emboli to the brain, then transferred to our institution for higher level of care. He reported diaphoresis, muscle aches, and a 20-lb weight loss over the last three months. Other than the above, review of systems was negative for confusion, headache, vision changes, slurred speech, focal weakness, numbness, urinary incontinence, bowel incontinence, rashes, or arthralgias.
Upon further history, the patient had undergone a recent workup for chronic cough and fevers one month ago. He was found to have right-sided hilar and mediastinal adenopathy by chest CT and underwent bronchoscopy. Bronchoalveolar lavage at the time was negative for TB, but positive for Streptococcus viridans and methicillinsusceptible Staphylococcus aureus. Multiple transbronchial biopsies were negative for malignancy or granulomas. He also had negative serologies for human immunodeficiency virus (HIV), cytomegalovirus (CMV), Bartonella, and syphilis, and was discharged with a course of antimicrobials for presumed bacterial pneumonia. Travel history was significant for a visit to Key Largo, Florida eight months ago. The patient was a college student and denied alcohol, tobacco, recreational drug use, or exposure to recent sick contacts. Vitals on admission were significant for elevated heart rate of 98 beats per minute. Physical exam revealed a tongue laceration and decreased right-sided breath sounds, but no neurological abnormalities. Labs were notable for microcytic anemia with low percent iron saturation, ESR 78 mm/hr, and CRP 5.59 mg/dL. Immunoglobulin (IgG, IgM, IgA) levels showed no evidence of humoral immunodeficiency. QuantiFERON-TB Gold was positive. CT chest showed predominantly right-sided pleural effusion and mediastinal lymphadenopathy ( Fig. 1 ). Brain MRI with and without contrast showed multiple, peripherally enhancing lesions in the right frontal and temporal lobes, cerebellum, and lower pons (Fig. 2) . Thoracentesis was performed and pleural fluid studies revealed an exudative pleural effusionwith white blood cell (WBC) count of 3,559/mm 3 , red blood cell (RBC) count of 49,234/mm 3 , glucose of 4 mg/dL, and lactate dehydrogenase (LDH) of 1860 U/L. Pleural fluid studies were negative for bacterial or fungal growth, but culture-positive for Mycobacterium tuberculosis (MTB) and contained elevated levels of adenosine deaminase 18.7 U/L (reference range 0.0-9.4 U/L). A nucleic acid amplification test revealed no MTB resistance to rifampin. The patient also underwent lumbar puncture and cerebrospinal fluid (CSF) studies revealed WBC 2/mm 3 , RBC 11/ mm 3 , total protein 47 mg/dL, and glucose 47 mg/dL. His CSF showed negative growth for bacteria, virus, fungus, or acid-fast bacilli (AFB). Blood cultures were negative for bacterial growth and a transthoracic echocardiogram was negative for vegetations. Electroencephalogram was normal.
A rheumatologic laboratory workup was also performed. Although the patient tested positive for anti-nuclear antibodies (ANA) and antibodies against chromatin, he had negative antibodies against Smith (Sm), double stranded DNA (dsDNA), Jo-1, ribonucleoprotein (RNP), rheumatoid factor (RF), cyclic citrullinated peptide (CCP), Sjögren's-syndrome-related antigens A and B (SSA/Ro and SSB/La), and centromere. He also tested negative for cytoplasmic and perinuclear-antineutrophil cytoplasmic antibodies (c-ANCA and p-ANCA).
On hospital day four, the patient received the diagnosis of active CNS TB manifesting as tuberculomas after his pleural fluid tested AFB smear-positive, and after alternative etiologies were ruled out as the cause of his seizure. He was promptly started on rifampin, isoniazid, pyrazinamide, ethambutol (RIPE), and vitamin B6. Levetiracetam was also initiated the day of admission for seizure prophylaxis. Throughout his stay, the patient remained hemodynamically stable and had no additional seizures nor neurological deficits. After two weeks of inpatient monitoring, the patient was discharged to undergo RIPE therapy for two months, followed by rifampin and isoniazid maintenance therapy. Repeat brain MRI at 6 months showed nearly complete resolution of most of the lesions; the pontine lesion decreased in size from 12 mm to 0.4 mm.
Discussion
Tuberculosis is a major public health concern recognized for its pulmonary manifestations. However, disseminated forms of TB are possible, such as those involving the central nervous system. CNS TB occurs in about 1% of all cases of active tuberculosis and disproportionately affects children and HIV-infected individuals. Other risk factors for CNS TB include malignancy, malnutrition, alcoholism, and use of immunosuppressive agents. Given the absence of these risk factors in our patient, the diagnosis of intracerebral tuberculomas was unexpected, but reached with a high degree of certainty after a comprehensive workup for alternative etiologies. Although the patient did not recall any close contact with individuals with active TB or productive cough, we speculate as to the role, if any, played by his recent travel to Florida several months prior to presentation.
Meningitis is the classic presentation of CNS TB. Cerebral tuberculomas are a much rarer manifestation. They originate from the hematogenous spread of MTB from the lungs into the brain parenchyma, creating well-circumscribed granulomatous foci. These foci can enlarge and exert local mass effects without necessarily rupturing into the subarachnoid space [1, 4, [6] [7] [8] [9] [10] . The symptoms of tuberculomas are nonspecific, which may include headache, seizures, cranial nerve palsies, or other clinical signs of increased intracranial pressure [1, 3, 4, 6, 7, [9] [10] [11] . Such symptoms are essentially indistinguishable from any other space occupying lesion, making it necessary to evaluate for alternative noninfectious and infectious etiologies such as malignancy, sarcoidosis, pyogenic abscess, toxoplasmosis, bartonellosis, or syphilis. Patients may sometimes present with these various neurological deficits, but without the classic constitutional symptoms typical of active tuberculosis.
The diagnosis of intracranial tuberculoma can be challenging and is typically made by the combination of clinical history, imaging studies, and labs. Imaging alone is insufficient due to the lack of specific radiologic features. Brain MRI findings of peripheral ring enhancement are valuable for supporting the diagnosis but not necessarily pathognomonic, for such findings can be similarly found in multiple other disease processes. CSF analysis is usually Fig. 1 . Tuberculoma chest CT. not helpful, although our patient was found to have a mildly elevated CSF protein. In certain cases where there is no evidence of active TB elsewhere, a brain biopsy can be confirmatory. However, such an invasive procedure comes with inherent risks and is not ideal in all scenarios. In our case, the neurosurgical service deemed a stereotactic brain biopsy too hazardous given the proximity of the central lesions to the brainstem and the diminutive size of the more peripheral lesions. However, CT imaging demonstrated mediastinal lymphadenopathy and a right-sided pleural effusion that contained elevated levels of ADA and eventually grew MTB. Thus, the pleural fluid studies were the key surrogate evidence to reach our diagnosis in expedited fashion but with high degree of clinical confidence.
In conclusion, the symptoms and radiologic features of tuberculomas are nonspecific and variable. Our patient was found to have active tuberculosis infection outside of the CNS, which supported the diagnosis of tuberculoma over other intracranial pathologies. In cases that do not present with increased intracranial pressure, treatment is predominantly medical in nature and is extrapolated from the standard RIPE regimen used for pulmonary TB. In some cases, duration of treatment may need to be prolonged for up to 18-24 months, depending on clinical or radiological improvement, as well as expert opinion [1, [3] [4] [5] [6] [7] [9] [10] [11] [12] . We present our case to highlight the diagnostic approach towards intracranial tuberculoma and to review its current understanding.
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